Copper depletion down-regulates expression of the Alzheimer's disease amyloid-beta precursor protein gene.
Alzheimer's disease is characterized by the accumulation of amyloid-beta peptide, which is cleaved from the amyloid-beta precursor protein (APP). Reduction in levels of the potentially toxic amyloid-beta has emerged as one of the most important therapeutic goals in Alzheimer's disease. Key targets for this goal are factors that affect the regulation of the APP gene. Recent in vivo and in vitro studies have illustrated the importance of copper in Alzheimer's disease neuropathogenesis and suggested a role for APP and amyloid-beta in copper homeostasis. We hypothesized that metals and in particular copper might alter APP gene expression. To test the hypothesis, we utilized human fibroblasts overexpressing the Menkes protein (MNK), a major mammalian copper efflux protein. MNK deletion fibroblasts have high intracellular copper, whereas MNK overexpressing fibroblasts have severely depleted intracellular copper. We demonstrate that copper depletion significantly reduced APP protein levels and down-regulated APP gene expression. Furthermore, APP promoter deletion constructs identified the copper-regulatory region between -490 and +104 of the APP gene promoter in both basal MNK overexpressing cells and in copper-chelated MNK deletion cells. Overall these data support the hypothesis that copper can regulate APP expression and further support a role for APP to function in copper homeostasis. Copper-regulated APP expression may also provide a potential therapeutic target in Alzheimer's disease.